Multiple studies have shown that diabetes mellitus (DM) can affect the efficacy of revascularization therapies and subsequent clinical outcomes. Selection of the appropriate myocardial revascularization strategy is critically important in the setting of multivessel coronary disease. Optimal medical therapy is an appropriate first-line strategy in patients with DM and mild symptoms. When medical therapy does not adequately control symptoms, revascularization with either PCI or CABG may be used. In patients with treated DM, moderate to severe symptoms and complex multivessel coronary disease, coronary artery bypass graft surgery provides better survival, fewer recurrent infarctions and greater freedom from re-intervention. Decisions regarding revascularization in patients with DM must take into account multiple factors and as such require a multidisciplinary team approach ('heart team').
Introduction
Diabetes mellitus (DM) has reached epidemic proportions worldwide, and its prevalence is rising [1] . Estimates predict an increase in the prevalence of DM from 6.4% (affecting 285 million adults) in 2010 to 7.7% (439 million adults) in 2030 [2] . Type 1 DM accounts for 5-10% of the total cases of diabetes worldwide, and its prevalence is approximately 1 in 300 adults in the US [3, 4] .
Coronary artery disease (CAD) is the main cause of death in both type 1 and type 2 DM [5] . The adverse macrovascular consequences of DM are well recognized, as is the accompanying accelerated rate of atherosclerosis that predisposes patients to occlusive CAD and myocardial infarction (MI). Atherosclerosis in patients with DM is diffuse and rapidly progressive, and more likely to require complete revascularization [6] . In the United States, ~one third of all percutaneous coronary intervention (PCI) procedures are performed on patients with DM, and ~25% of patients undergoing coronary artery bypass graft (CABG) surgery have DM [5] . Over 90% of these patients have type 2 DM [7] .
The unique pathophysiology of atherosclerosis in patients with DM modifies the response to arterial injury, with profound clinical consequences. The metabolic alterations in DM, including hyperglycemia, hyperinsulinemia and insulin resistance, affect not only the clinical outcome after bare metal stents (BMS) implantation [8, 9] , but also differentially modulate the vessel wall response (and relative clinical outcomes with respect for the risk of restenosis and stent thrombosis) to different types of drug eluting stents (DES) [10] . The impact of DM on the clinical efficacy of revascularization procedures becomes critically important in the setting of complex multivessel CAD.
Revascularization versus Medical Therapy
Patients with DM have worse outcomes after surgical and catheter-based revascularization [11] . Compared with patients without DM, early and long-term morbidity and mortality are higher in patients with DM after CABG, with increased risk of postoperative complications (Table 1) . A recent meta-analysis of more than 100,000 patients showed that all-cause mortality is 1.6 to 1.8-fold greater in patients with DM at all times after CABG from 1 month to 10 years [12] . As such the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI-2D) trial tested the hypothesis that in DM patients and stable coronary disease, prompt revascularization, CABG or PCI, would reduce long-term rates of death and cardiovascular events as compared with medical therapy alone. BARI-2D randomized patients with demonstrated ischemia who were asymptomatic or who had mild to moderate symptoms, and documented CAD by angiography. The appropriate method of revascularization for each patient (PCI or CABG) was determined a priori by the responsible physician, resulting in a population of patients with a much greater atherosclerotic burden in the CABG stratum. The 5-year survival rate was 88.3% among patients in the revascularization group and not statistically different in the medical-therapy group (87.8%). Similarly, major cardiovascular event rate did not differ significantly between the revascularization and the medical-therapy. Prompt revascularization did however reduce MIs (only with CABG), rates of worsening angina (8% vs. 13%; P<0.001), new angina (37% vs. 51%; P<0.001), and subsequent coronary revascularizations (18% vs. 33%; P<0.001) and maintained freedom angina (66% vs. 58%; P<0.003) during 3-year of followup. The benefits of revascularization were documented mostly during the year after the intervention, and most importantly were noticeably greater in patients undergoing CABG than PCI [13, 14] . Similarly, in COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation), the addition of early PCI to optimal medical therapy did not significantly reduce the risk of death or MI regardless of DM status [15] .
CABG versus PCI in Multivessel CAD
The Bypass Angioplasty Revascularization Investigation (BARI) study compared multivessel angioplasty to CABG in patients with medically treated DM and found a near doubling of mortality at 5-years with PCI (35% vs. 19%, P=0.003) [16] . The survival benefit of CABG in patients with diabetes persisted at 10 years (PTCA 45.5% vs. CABG 57.8%, P=0.025) [17] . In an analysis based on pooled individual patient data from 10 randomized trials comparing CABG with PCI (median follow-up of 5.9 years), mortality among patients with DM was 30% lower in the CABG group than in the PCI group (hazard ratio [HR] 0.70; 95% CI 0.56-0.87; P=0.014 for the interaction between DM and type of revascularization) [18] . These large differences in mortality underscore the importance of the appropriate decisions regarding the mode of revascularization in DM. However, many observers suggested that the advent of DES had made these earlier results obsolete.
Two contemporary trials comparing PCI with DES to CABG in patients with DM attempted to address this renewed controversy (Figure 1 ). The pre-specified DM-subgroup analysis (n=452) of SYNTAX (SYNergy Between PCI With TAXus and Cardiac Surgery) showed that the 1-year composite MACCE rate was significantly higher in patients with DM after PCI compared with CABG mainly from an increased risk of repeat revascularization [19] . Importantly, compared with CABG, mortality was higher after PCI for DM patients with highly complex lesions (SYNTAX score ≥33; 4.1% vs. 13.5%, P= 0.04). At 3-years followup, presence of diabetes was associated with increased rates of repeat revascularization (12.9% vs. 28%, P=0.001) and, consequently, MACCE (22.9% vs. 37%, P=0.002) in the PCI arm, with a trend toward increased cardiac death (4.8 vs. 8.8%, P=0.10) [20] .
The CARDia (Coronary Artery Revascularization in Diabetes) trial enrolled patients with DM (n=510) with either multivessel CAD or complex single-vessel CAD (ostial or proximal left anterior descending artery disease) in whom coronary revascularization was recommended on clinical grounds [7] . The primary end point was a composite of death, MI, and stroke with a major secondary end point of the composite of the primary outcome and repeat revascularization using a noninferiority design. SES were used in 69% of patients in the PCI arm. The study could not demonstrate noninferiority of PCI for the primary endpoint (10.5% with CABG compared with 13.0% with PCI) (Figure 1 ). The data are not complete however. A "catch-up" phenomenon has been described with DES in the DM populationrepeat revascularizations and myocardial infarctions continue to accumulate beyond the first year after DES implantation, and may approach BMS-treated patients at 5 years [21]. Furthermore, large-scale clinical investigations showed that DM (especially insulin-treated) is an independent predictor of DES thrombosis [9, 11] .
In summary, data from SYNTAX and CARDia and from nonrandomized comparisons [21,22] demonstrate equivalent short-term mortality of PCI with DES and CABG in patients with diabetes, except for patients with the most complex disease (SYNTAX score ≥33) [19] . Importantly, follow-up at 1-year may not yet reflect the true long-term differences between CABG and DES treatment of patients with DM because previous reports demonstrated reduced long-term mortality in CABG compared with PCI [17, 18] . Finally, few data are available with regard to the long-term clinical implications and risks associated with of the 'softer' endpoint of repeat revascularization. The belief that CABG can always be safely deferred in favor of an initial strategy of PCI in multivessel disease is probably erroneous, as prior PCI seems to increase the risk of subsequent CABG [23, 24] .
Explaining the mortality benefit of CABG Several mechanisms may account for the protective effect of CABG in diabetes, including the increased restenosis following PCI in diabetes and incomplete revascularization associated with multivessel angioplasty [9, 25] , the overlapping effects of multiple bypass grafts to different coronary arteries and the relative resistance of internal mammary arterial grafts to accelerated atherosclerosis [26, 27] . Cardiac mortality post CABG was 2.9% when an IMA graft was used and rose 6-fold to 18.2% when only vein grafts were employed [16] .
Unlike PCI bypass grafts to mid-coronary vessels treats culprit lesions and protects against proximal disease progression or plaque rupture proximal to patent graft. All of these effects reduce the area of jeopardized or ischemic myocardium with CABG [28].
Graft Selection and Patency
DM does not appear to adversely affect patency of internal thoracic artery (ITA) grafts [26, 27] . Nonrandomized analyses indicate that bilateral internal thoracic artery (BITA) grafting appears to be particularly important in the diabetic population [29] . However, the use of BITA results in greater sternal wound complications in patients with DM (especially insulin-treated) [30, 31] . Harvesting skeletonized ITA may reduce the risk of sternal wound complications associated with BITA by minimizing the risk of devascularization of the sternum as compared with removal with an attached muscle pedicle [29, 32] . Therefore, some surgeons believe that DM is not a contraindication for skeletonized BITA [33] . Notwithstanding, presently, it is unclear whether selective referral of patients with DM for skeletonized BITA grafting despite higher risks of sternal infection is justified [11] .
The radial artery (RA) conduits obtained from patients with DM has greater tendency to spasm compared with RAs from patients without DM, and exhibit impaired endothelial function [34] . In a randomized trial comparing angiographic RA graft patency vs. SVG patency at 1-year after CABG, there was a significant interaction between graft type and DM; RA grafts had lower patency rate than SVGs in patients with DM and the reverse was true in patients without DM [35] .
Tight perioperative glycemic control
Many patients without the pre-op diagnosis of DM acquire perioperative insulin resistance and profound hyperglycemia after CABG [36] (Figure 2 ). Poorly controlled hyperglycemia is associated with increased morbidity, mortality, and worsening health outcomes following cardiac surgery [37] . However, tight perioperative glucose control remains controversial. Vigilant control arose from the Portland Diabetic Project and other trials which suggest benefit [37] , but severe hypoglycemia (<2.2 mmol/L [40 mg/dL]) has been reported in 5%-17% of more recent trails with continuous insulin infusion [38] . Moreover, in a metaanalysis of 10 trials, intensive insulin therapy (IIT) did not improve important clinical outcomes increased the risk of hypoglycemia 6-fold [39] . In the NICE-SUGAR randomized controlled trial, glycemic control, below 108 mg/dL (6.0 mmol/L) increased all-cause mortality in ICU patients, surgical and nonsurgical [40] , and other trials demonstrated that at Aronson least one glucose level <40 mg/dl independently predicts mortality in patient after cardiac surgery [41] .
Although the relationship between hypoglycemia and cardiovascular outcomes is complex, in patients with established CAD, especially in the setting of acute ischemia, hypoglycemia is associated with adverse cardiovascular outcomes [42] . In this context, hypoglycemia has been shown to lower myocardial blood flow reserve [43] . In patients undergoing cardiac surgery, moderate postoperative glycemic control (120-170 mg/dL) may provide the best clinical outcome [44] . Based on recent studies, the American Diabetes Association recommends initiating insulin therapy for treatment of persistent hyperglycemia, starting at a threshold of no greater than 180 mg/dl (10.0 mmol/l), and aiming for glucose range of 140-180 mg/dl (7.8-10.0 mmol/l) for the majority of critically ill patients [45] . The American College of Physicians recommends avoiding IIT to normalize blood glucose in SICU/MICU patients with or without diabetes mellitus [46] . While the precise range for optimal blood glucose levels is unknown, a target blood glucose level of 7.8-11.1 mmol/L (140-to 200 mg/dL) is recommended if insulin therapy is used in SICU/MICU patients. At this range, IIT is associated with similar mortality outcomes as IIT targeted at blood glucose levels of 4.4-to 6.1 mmol/L (80-110 mg/dL) and is associated with a lower risk for hypoglycemia.
Glycemic control after CABG surgery
The results of the pharmacological arm of the BARI-2D trial are particularly relevant to the management of patients with DM and multivessel CAD after CABG. In general both insulin-sensitization and insulin-provisional approaches are both appropriate [47] . Mortality and cardiovascular event rates were identical whether patients received insulin-sensitizing agents or insulin itself -one year survival was 88% in both groups and freedom from cardiovascular disease events was 78% and 75% respectively [14] . However, as has been seen in other settings insulin-sensitization therapy was associated with lower body mass index, higher high-density lipoprotein cholesterol level, and lower rates of severe hypoglycemia.
All insulin sensitizing agents are not identical. Metformin is recommended as the initial pharmacological therapy, in the absence of specific contraindications, for its effect on glycemia and absence of weight gain or hypoglycemia. Concerns raised that sulfonylureas as a drug class may increase CAD mortality in type 2 DM were not substantiated by the UKPDS or ADVANCE studies. Sulfonylureas can be added if lifestyle intervention and metformin fail to achieve or sustain the glycemic goals [48] . A recent meta-analysis of clinical trials of rosiglitazone (Avandia), a thiazolidinedione, pointed to an increased risk of myocardial infarction [49] , which fueled debate regarding the safety of this agent. The BARI-2D trial assessed therapeutic strategies rather than any specific drug. No safety concerns were seen for the insulin-sensitizing group, in which >60% received thiazolidinediones, predominantly rosiglitazone (55%) [14] . Notwithstanding, given that other options are now available, the use of rosiglitazone is not recommended [48] . Newer antidiabetic agents, such as, agonists of the glucagon-like peptide-1 (GLP1) receptor or dipeptidyl peptidase 4 (DPP4) inhibitors, which prevent the breakdown of endogenous GLP1, have shown beneficial effects in patients undergoing angioplasty and CABG in small studies [50, 51] . These agents are currently being tested in large randomized trials of patients with CAD [52] .
Approach to coronary revascularization in patients with DM
Revascularization aims to reduce subsequent acute coronary events, improve survival and reduce anginal symptoms. Based on the BARI-2D trial, optimal medical therapy rather than coronary revascularization is an excellent first-line strategy in patients with DM who are asymptomatic [53] or with mild symptoms (CCS Class I or II) and less severe CAD (singlevessel or two-vessel CAD not involving the proximal left anterior descending artery) [14, 54] . For these patients, it is unlikely that an initial revascularization strategy is better than medical therapy even in a rare patient [55] . Revascularization can reduce anginal symptoms [13] and may be applied later if medical therapy does not adequately control symptoms (Figure 3) . In patients who require intervention after optimization of medical therapy there is a significantly higher risk of repeat revascularizations with PCI. DES, albeit, is superior to BMS in ischemia-driven repeat revascularization procedures (target lesion revascularization) [9, 11] , DES studies have consistently shown higher repeat revascularization rates after PCI compared with surgical revascularization in patients with DM [7, 19, 21] . Further study must however confirm that the superiority of DES is maintained at long points in time. Notwithstanding, PCI with DES or BMS is a reasonable approach in these patients (Figure 3 ).
The surgical approach has better survival, fewer recurrent infarctions and greater freedom from re-intervention for patients with treated DM, moderate to severe symptoms and multivessel CAD [19, 56] , or significant involvement of the proximal left anterior descending or left main coronary artery [14, 54, 56] (Figure 3 ).
Ultimately no one paradigm can treat every patient with the confluence of chronic obstructive atherosclerosis and the profound divergent metabolic derangements of DM. Decisions regarding potential revascularization must take into account multiple factors and as such require a multidisciplinary team approach ('heart team'). The heart team approach guarantees that all therapeutic options (i.e. optimal medical therapy, PCI, and CABG) are transparently discussed, and the individual patient preferences are considered in the decision-making process [56].
• 1-year clinical outcomes of contemporary trials comparing CABG and PCI in patients with DM.
